Introduction to Advanced Engine Control Concepts 

Abstract 

With the increased emphasis on aircraft safety, enhanced performance and affordability, 
and the need to reduce the environmental impact of aircraft, there are many new 
challenges being faced by the designers of aircraft propulsion systems. The Controls and 
Dynamics Branch at NASA (National Aeronautics and Space Administration) Glenn 
Research Center (GRC) in Cleveland, Ohio, is leading and participating in various 
projects in partnership with other organizations within GRC and across NASA, the U.S. 
aerospace industry, and academia to develop advanced controls and health management 
technologies that will help meet these challenges through the concept of Intelligent 
Propulsion Systems. The key enabling technologies for an Intelligent Propulsion System 
are the increased efficiencies of components through active control, advanced diagnostics 
and prognostics integrated with intelligent engine control to enhance operational 
reliability and component life, and distributed control with smart sensors and actuators in 
an adaptive fault tolerant architecture. This presentation describes the current activities of 
the Controls and Dynamics Branch in the areas of active component control and 
propulsion system intelligent control, and presents some recent analytical and 
experimental results in these areas. 
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Lesson 16: Introduction to Advanced 
Engine Control Concepts 
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INTELLIGENT ENGINES 
Control System perspective 

Multifold increase in propulsion system Affordability, 



- Smart sensors and actuators 

- Robust, adaptive control 


NASA GRC Contronls and Dynamics 
Branch (CDB) Overview 
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aerospace propulsion industry, academia and other agencies 


Intelligent Engine Technologies 

- A Systems Viewpoint - 



0 


C 

.55 TD 
c c 
0 3 
0 CO 
CO ! — 
0 ) 

03 3 

C/3 

0 E. 

"O 

O C/3 

E 0 

C "O 

"O 

0 0 

= o 

CL±z 

li 


TD C 
0 — 
t= .!= CO 

□>S-g 


E 


0 


0 


■— g. 

CD 

0 E 
ES 
o 


0 


0 


■S 03 

Q. o 

0:^0 

O 0 
O £? 

"BE 

.2 Q- cn 
CO CD $ 


o 

_ 0 
0 o 

C 

O CD 

CB 55 
^ ~o 

-I— » 

o oa 

0 

0 o' 
03 0 ) 
_C o 
o 

0 c 
C O 
0 ° 

§ e 

CL O 

E g 

,9 0 

o 0 


0 
-Q 

O 


■0 

c 

fi 

T 3 

0 J 2 
C c 
0 ) 0 

0 E 

-0 £ 

0 
cr 
0 


0 E 

> 0 

” 0 
>% 
0 0 

E = 
0 2 
0 0 
> > 
0 o 



Autonomous Propulsion System Technology 

Reduce/Eliminate human dependency in the control and operation of 

the propulsion system i 
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diagnosing, and adapting functions 

• Combines information from multiple disparate 
sources using state-of-the-art data fusion technology 

• Communicates with vehicle management system and 
flight control to optimize overall system performance 






Model-Based Controls and Diagnostics 


£ 

O 

0 

£ 

( 1 ) 

E 

3 


c n 

2 £ 
3 _o 
0 *- 
0 — 


’ 5 )- £ a? 


0 ) -o 

42 d) 

CD Q_ 

O & 
CL >- 

E ■§ 
0 o 


c £ Q_ U_ |_ or 

LU = . . . . 


»- 52 
o = 

1:1 

s 8 

< D. 


» > 


0 ) 0 
■o 

S = 

_ O) 
p £ 



0 c 
0 

■■s E> 

0 O CD 
0 0 P 

.2 ^ = to 
o $ -Q 3 
tjz o ro 
LU LL “ 




0 

"D 


0 



£ 

O 


L- 

£ 

o 

0 


o 

0 

0 

E 

LL 

_Q 

0 

0 

"O 

0 

3 

+-» 

E 

"0 

3 

'i— 

0 

0 

O 

o 

LL 

> 

DQ 

< 

o 

• 

• 

• 


Maintenance/Inspection 

Advisories 


Gas Path Analysis Engine Fault Isolation Approach 
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From “Parameter Selection for Multiple Fault Diagnostics of Gas Turbine Engines” by Louis A. Urban, 1974 


High Reliability Engine Control 
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Sensor Estimates 

Failed Sensor Detection and Isolation 




HREC - Closed Loop Control of System 

with Sensor Validation 
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14.5 15 15.5 16 16.5 17 17.5 

Time (Thrust Request at T=10.0) 






Normalized TMF Damage 


Engine Performance Deterioration Mitigation Control 

• Motivation — Thrust-to-Throttle Relationship Changes 
with Degradation in Engines Under Fan Speed Control 




Control Architecture 
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Parts of the Testbed Architecture 
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Based on Nominal Engine Model 

Provides optimal estimation of variables in a least squares 
sense subject to sensors selected 
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Operating Point 
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Pilot Workload During Transient Flight 
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Active Stall Control 



o o 


c 

M— 

CO 

O) 

> 


"D 


CO 

0 

c 

3 

CO 

0 

1 

-t— > 

■ 

O 

> 

0 

s_ 

» 

~0 

c 

0 

0 


E 

0 

0 

13 

> 

E 

o 


L_ 

'0 

Q_ 

E 

£ 

0 

> 

o 

0 

c 


0 

s_ 

E 

s_ 

0 

0 

o 

0 

t 

0 
s 

0 

CL 

CL 

E 

» 

c 

0 

0 

0 

0 

1 ™ 

0 

1 1 

'c 

_c 

O) 

s_ 

'0 

O 

0 

"D 

0 

0 

0 

1 

0 

Q_ 

s 

• 

0 

C 

O 

E 

0 

0 

E 

0 

Q 

■0 

0 

0 

CL 

• 

0 


Active Flow Control - Compressors 

Compressor Stator Suction Surface Separation Control 



Flow Coefficient, Phi 

Sensing Separation from Blade Surface Pressures 



Flow Control Actuation Development 
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temperature shape 



Active Combustion Controls 
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Research combustor rig 
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•Open-loop 

_ ‘Adaptive Phase-Shift Control 
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Intelligent Turbine Tip Clearance Management 
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Pinch Points 



Intelligent Control of Turbine Tip Clearance 
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Tip Clearance Calculation 




First Principles Based Clearance Model 
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Current Engine Control Architecture 

Centralized with each sensor/actuator directly connected to FADEC 



Centralized Engine Control 



03 

0 

E 

o 

o 

0 

_Q 


0 


0 

O 

c 

03 


O 

O 

0 

_Q 


O 

LU 

Q 

< 


0 0 


0 sZ 

_C 0 

Q. 

.E 0 o 


’o) 
-Q c 

■>< © 
0 c 
q= — 

■- o 

<D% 

>3 
2 0) 
0.E 

Q_±i 

x E 

LU ” 


0 o 
0 0 
O 

if) 

0 


0 ) 0 ) 

'% 0 
( 0.2 
0 f- 

E o 

2 "0 
0 

2 0 
— o 

^ o 


3 

0 a3 

E -c 


> o 

C 0 
0 O 

0 'c 
0 0 - 

■5 O 

O" 0 
0 E " 

O ^ 
LU E - 


Q 

< 


0 


0 05 
TO ~ 

o a> 

7; "2 

o cc 
O jo 


increasing weignt ana cost. 

■ Complicates fault detection and isolation 


Distributed Engine Control 
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Distributed Engine Control 
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Requires new technologies, i.e., high temperature 
electronics 


Lsn 16: Advanced Concepts 
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